Abstract How are emotional processes associated with the increased rates of substance use and psychological disorders commonly observed during adolescence? An index of emotion-related physiological arousal-cortisol reactivity-and subjective emotion regulation have both been independently linked to substance use and psychological difficulties among youth. The current study (N = 134 adolescents) sought to elucidate the interactive effects of cortisol reactivity following a stressful parentchild interaction task and self-reported emotion regulation ability on adolescents' substance use and externalizing and internalizing behavior problems. Results revealed that adolescents with low levels of cortisol reactivity and high emotion regulation difficulties were more likely to use substances, and also had the highest parent-reported symptoms of oppositional defiant disorder. With respect to internalizing symptoms, high emotion-related physiological reactivity coupled with high emotion regulation difficulties were associated with higher self-reported major depression symptoms among youth. Findings reveal that different profiles of HPA axis arousal and emotion regulation are associated with substance use and symptoms of psychopathology among adolescents.
Introduction
How are emotional processes associated with the increased rates of substance use and psychological disorders commonly observed during adolescence? Which emotion-related components (e.g., arousal, regulation)-or interaction of components-are most strongly implicated in the development of maladaptive behaviors (e.g., substance use) and symptoms of psychopathology among youth? These are critical questions that have perplexed clinical and developmental researchers for decades. Adolescence is a developmental period characterized by a number of cognitive, neurobiological, social, and emotional changes. At the same time, it is also a period of initiation and increases in drug and alcohol use and increases in several types of externalizing and internalizing disorders, such as conduct disorder and major depressive disorder (Chambers et al. 2003; Costello et al. 2003) . Substance use among youth is a significant public health concern (Paglia and Room 1999) , with 1-month rates of alcohol, cigarette, and illicit drug use among adolescents increasing from 7-14 % in eighth grade to 24-41 % by 12th grade (Johnston et al. 2011) . Adolescent substance use has significant consequences-it is associated with academic problems, impaired driving, violent behaviors, and risky sexual behavior in adolescence (Windle et al. 2008) and is also related to substance use disorders and other forms of psychopathology in adulthood (Chassin et al. 2001; Lewinsohn et al. 1996) . Many adolescents who use substances also have other comorbid psychological problems, including externalizing problems such as oppositional defiant disorder (ODD) and conduct disorder (CD) and internalizing problems such as major depressive disorder and anxiety disorders (Chan et al. 2008; Kandel et al. 1999 ).
The NIMH has recently launched an initiative aimed at transcending traditionally-delineated diagnostic categories and, instead, investigating dimensions of functioning implicated across many clinical phenomena at multiple units of analysis (RDoC; Insel et al. 2010) . Emotion in particular has been conceptualized as a transdiagnostic factor; it is involved in multiple forms of psychopathology (Aldao et al. 2010; Harvey et al. 2004 ) and is manifested across several domains, including physiological, neurobiological, and behavioral systems (Mauss et al. 2005 ). In addition, emotional processes in different systems may interact with one another (e.g., Eisenberg et al. 1996) . A transdiagnostic perspective may also better account for the high levels of comorbidity observed among disorders, especially given that dysfunctional emotion-related processes have been associated with substance use and also most psychological disorders (Kring 2008) . Adolescents in particular experience rapid changes in emotion regulatory systems and also show high rates of comorbidity (Chan et al. 2008; Kandel et al. 1999; Steinberg 2007) , making this a critical developmental period for links between emotion and the development of multiple forms of psychological problems. The current study addresses this by examining the interaction between one aspect of adolescents' emotion-related physiological arousal (HPA axis reactivity) and adolescent's self-reported emotion regulation behaviors as these relate to their substance use and psychological symptoms.
Emotion-Related Physiological Arousal and Emotion Regulation
Emotions have been defined as short-lived, affectivelyvalenced reactions to meaningful stimuli, with accompanying changes in subjective experience, behavioral tendencies, and peripheral physiology, including changes in skin conductance, heart rate, blood pressure, and HPA axis activation (Mauss et al. 2005; Mauss and Robinson 2009) . HPA axis activation and the release of cortisol is one form of physiological arousal that has been associated with several forms of negative emotional arousal in childhood and adolescence including fear, sadness, crying, and anger arousal (Adam 2006; Baucom et al. 2012; Fortunato et al. 2008) . HPA axis activation appears to be especially linked to responses to threatening situations (Dickerson et al. 2008; Dickerson and Kemeny 2004; Gruenewald et al. 2004; Rohleder et al. 2007; Gunnar and Quevedo 2007) . In addition, daily cortisol levels and cortisol reactivity to stress have been linked in several studies to both substance use and to several forms of externalizing and internalizing psychological problems in adolescence (e.g., Chaplin et al. 2012 Chaplin et al. , 2014 Flinn and England 1995; Klimes-Dougan et al. 2001) . Thus, given that the HPA axis responds to emotional and stressful events and given that cortisol reactivity is strongly linked to both substance use and psychopathology, it is important to examine cortisol reactivity in association with substance use and externalizing and internalizing problems in adolescence.
In addition to direct links between cortisol reactivity and psychological problems in adolescence, adolescents' emotion regulation behaviors may moderate links between HPA axis arousal and the development of substance use and psychopathology. For example, an adolescent with high levels of cortisol reactivity to a stressor may be more likely to then develop psychological problems if they use dysfunctional emotion regulation strategies to regulate their high reactivity. A youth who experiences high cortisol reactivity and responds to that reactivity by ruminating on negative emotion may, over time, develop depression in response to emotion-eliciting stressful events (NolanHoeksema 1991) . However, no study to our knowledge has examined interactions between cortisol reactivity and emotion regulation behaviors in predicting negative outcomes for adolescents.
The Role of Cortisol Reactivity and Emotion Regulation in Substance Use
Although no research to date has examined the interactive effects of cortisol reactivity and emotion regulation on substance use behaviors among youth, a small but growing body of research has documented direct links between cortisol stress reactivity and substance use in adolescents. These initial studies have found that cortisol reactivity is linked to substance use, with some of the studies finding higher cortisol reactivity (Chaplin et al. 2012 (Chaplin et al. , 2014 and others finding lower cortisol reactivity (van Leeuwen et al. 2011) related to increased past and current substance use behaviors.
In addition to altered cortisol stress responses, emotion regulation problems are also independently linked to adolescent substance use. For example, research with both adults and adolescents finds that substance users report that their most common reasons for choosing to use substances is to decrease negative affect, increase positive affect, or otherwise modulate the quality of their emotional experiences (e.g., Cahalan et al. 1969; Cooper et al. 1995) . In addition, studies have found links between self-reported emotion regulation difficulties and increased alcohol use, tobacco, use, drug use, and drug use disorders in adolescents (Weinberg and Klonsky 2009; Wilens et al. 2013 ). Based on these findings, it is possible that adolescents with both altered cortisol stress responses and impoverished emotion regulation abilities will be at greatest risk for substance use.
The Role of Cortisol Reactivity and Emotion Regulation in Externalizing Symptoms
Altered cortisol reactivity has also been linked to externalizing problems among youth. Several studies have found that children and adolescents who experience aggressive, delinquent, or antisocial behaviors evidence blunted cortisol reactivity to stressors (e.g., Flinn and England 1995; Moss et al. 1995; Tennes et al. 1986 ) and blunted basal cortisol levels (Tennes and Kreye 1985; Vanyukov et al. 1993 ). Low cortisol reactivity may reflect under-arousal of the HPA axis system, which may signify a lack of appropriate arousal in response to negative events (Gorenstein and Newman 1980; Moffitt 1993) . Low cortisol reactivity among antisocial and aggressive children and adolescents may reflect attenuated noradrenergic functioning and a fearless, stimulation-seeking temperament (Raine 2002) . However, other studies have not found evidence of HPA axis hypo-reactivity among youth with externalizing symptoms (e.g., Kruesi et al. 1989; McBurnett et al. 1991; Scerbo and Kolko 1994; Targum et al. 1990 ). Interestingly, one study found that adolescents with ODD and anxiety experienced increases in salivary cortisol following a stressful task (van Goozen et al. 1998 ), which could have been due to the comorbid anxiety symptoms.
Prior research has also documented relations between self-reported emotion regulation difficulties and externalizing symptoms in adolescence. Studies have found that children with attention-deficit/hyperactivity disorder (ADHD) evidence impaired emotional inhibition (Walcott and Landau 2004) . In addition, problems with controlling impulsive angry behaviors (e.g., anger, irritability, fear) have been linked to aggression and conduct problems cross-sectionally (Eisenberg et al. 2001; Hubbard et al. 2002; Olson et al. 2005; Shields and Cicchetti. 1998; Silk et al. 2003) as well as longitudinally (Caspi 2000; Eisenberg et al. 1997) .
The Role of Cortisol Reactivity and Emotion Regulation in Internalizing Symptoms
HPA axis reactivity to stress has also been linked to internalizing symptoms (such as depression and anxiety) among adolescents, with internalizing symptoms correlated with heightened cortisol reactivity to stressors (Birmaher et al. 1996; Hankin et al. 2010; Rao et al. 2008) , including stressful conflict discussions with a parent (Granger et al. 1996; Klimes-Dougan et al. 2001) . Furthermore, behaviorally inhibited young children (who are at risk for anxiety disorders) show high levels of basal cortisol, in addition to heightened cortisol responses to stress (Davis and Buss 2012; Kagan et al. 1987; Schmidt et al. 1997 ).
In addition to altered cortisol reactivity, emotion regulation difficulties have also been linked to internalizing symptoms in youth. For example, Eisenberg et al. (1996) found that children with internalizing symptoms experience sadness more frequently and more intensely, have lower emotional self-awareness, demonstrate poor attention regulation abilities, and are more likely to inhibit their displays of anger compared to controls and those with externalizing symptoms. Similarly, children with internalizing symptoms have been found to evidence deficits in emotional awareness, emotional expression, and emotion coping, all of which are important aspects of effective emotion regulation efforts (Zeman et al. 2002) . Additionally, early adolescents with depressive symptoms experience greater emotional intensity and lability with regard to anger, sadness, and worry, which may reflect difficulties in emotion regulation (Silk et al. 2003) . Thus, difficulties in regulating emotions may be linked to internalizing problems in childhood and adolescence (Zahn-Waxler et al. 2000) .
Current Study
Substance use and externalizing and internalizing disorders are commonly comorbid, particularly in adolescence, but few studies have examined how cortisol reactivity and emotion regulation are related to all three outcomes and no study has examined whether emotion regulation moderates effects of cortisol reactivity on adolescent outcomes. Consistent with the stated goals of the RDoc, the primary goal of the current study was to examine whether adolescents' self-reported emotion regulation behaviors moderate links between cortisol reactivity and symptoms of substance use and externalizing and internalizing psychopathology. We predicted that adolescents' emotion regulation abilities would moderate the association between cortisol reactivity and substance use, externalizing, and internalizing symptoms. Specific hypotheses by outcome were as follows:
1. For substance use, we predict that adolescents who have altered cortisol reactivity and high emotion regulation difficulties will show increased substance use. Given the mixed prior findings on cortisol reactivity and substance use, the direction of association between cortisol reactivity and substance use was exploratory. 2. For externalizing symptoms, we predict that adolescents who evidence low cortisol reactivity and high emotion regulation difficulties will show greater parent-reported symptoms of ADHD, ODD, and CD. 3. For internalizing symptoms, we predict that adolescents who evidence high cortisol reactivity and high emotion regulation difficulties will show higher selfreported symptoms of depression and anxiety.
Methods Participants
Participants included 134 adolescents ages 12-14 (M = 12.61, SD = 0.50; 45 % female) and their primary caregiver (98.3 % female). Most adolescents were Caucasian (71.4, 10.5 % African American, 11.2 % Hispanic, 3.0 % Asian American, 3.8 % mixed/other) and annual family incomes were 66.7 % over $100,000/year, 13.6 % between 75,000 and 99,999, 3.8 % between $60,000 and 74,999, 12.9 % below $60,000, and 3.1 % ''don't know/ other.'' Families with adolescents in a metropolitan area in the Northeastern region and a suburban area in a MidAtlantic region of the United States were recruited through newspaper advertisements, flyers, and mailings. Families were representative of their respective communities in terms of ethnicity and income level.
Procedure
Participants attended two sessions, spaced approximately 1 week apart. In the first session, adolescents and their parent (note: for the rest of the paper we will refer to primary caregivers as ''parents'') completed questionnaires and interviews assessing adolescent psychopathology and other aspects of youth and parent life stress and socialemotional functioning. In the second session, adolescents and their parents participated in a parent-adolescent interaction session.
Parent-Adolescent Interaction Laboratory Session
The central part of the laboratory sessions was the parentadolescent discussion task, which was based on conflict tasks performed in prior research (e.g., Sheeber et al. 1997) . Laboratory sessions were scheduled at 4:00 pm to control for diurnal variation in cortisol. Youth and their parents refrained from eating during the session, were asked to refrain from alcohol or drug use in the day before the session, and menstruating girls were scheduled during days 5-10 of their cycle to control for effects on cortisol levels. In order to account for the effect of food intake on cortisol levels on the day of the interaction task, all participants ate immediately prior to coming into the lab. If they did not have a snack before the lab, they were given a snack when they arrived at the lab (about an hour prior to the baseline cortisol measurement). Thus, all participants ate 1-2 h before the parent-adolescent interaction task. Upon arriving at the lab, adolescents and parents went to separate rooms, were seated in comfortable chairs, and met with separate research assistants who introduced the session, stating, ''We are studying how parents and adolescents talk about everyday topics and about drug use.'' At 4 pm, there was a 25-min adaptation period, during which time participants listened to a guided relaxation tape. At 4:25 pm, baseline salivary cortisol measurements were collected. At 4:30 pm, the parent was brought into the adolescent's room and seated next to him/her. The parent and adolescent had the drug use discussion for 10 min and discussed a conflict topic for 10 min, with discussion order randomly assigned. For the conflict discussion portion of the discussion task, the parent and adolescent were asked to discuss their mutual highest-rated conflict issue from the Issues Checklist (IC; Prinz et al. 1979 ). The entire discussion task was videotaped. After the discussion task, parents returned to their rooms and measures of salivary cortisol were taken immediately post-task and every 15 min thereafter through a 60-min recovery period.
Measures

Cortisol Reactivity
For the current study, change in salivary cortisol levels following the parent-adolescent interaction was measured as a marker of adolescents' physiological arousal. Consistent with past studies (Chaplin et al. 2012 (Chaplin et al. , 2014 Rudolph et al. 2010 ), a change score was computed such that the average of the first two timepoints (i.e., baseline) was subtracted from the score at the timepoint after the discussion when cortisol reactivity was at peak elevation (i.e., before recovery). Saliva was collected using a cotton swab which participants placed between their tongue and cheek for 2 min, or until adequately saturated. Saliva samples were assayed in duplicate using standard radioimmunoassay kits with no modifications (intra-assay coefficients of variation from 3.0 to 5.1 %). In concordance with prior studies (Buss et al. 2005) , all cortisol scores were Winsorized prior to analysis. For purposes of the current study, an overall cortisol reactivity score was calculated by subtracting baseline cortisol (the average of the first two timepoints occurring before the discussion task) from each individual's peak reactivity score (highest salivary cortisol value at any timepoint after the discussion task), which has been used as a valid measure of reactivity to an acute stressor (Buss et al. 2005; Chaplin et al. 2012 Chaplin et al. , 2014 Rudolph et al. 2010) .
Emotion Regulation
In the first questionnaire/interview session, adolescents reported on their own emotion regulation using the 36-item Difficulties in Emotion Regulation Scale (DERS; Gratz and Roemer 2004) , which yields six subscales: nonacceptance of emotional responses (Non-acceptance), difficulties engaging in goal-directed behavior (Goals), impulse control difficulties (Impulse), lack of emotional awareness (Awareness), limited access to emotion regulation strategies (Strategies), and lack of emotional clarity (Clarity). Participants responded to items on a 5-point Likert scale (1 = almost never, 5 = almost always). The DERS total scale has shown high reliability and consistency (a = 0.93; Gratz and Roemer 2004) and demonstrated excellent reliability in the current study (a = 0.90). Higher scores reflected poorer emotion regulation.
Lifetime Substance Use
Lifetime substance use in adolescence was assessed with a combination of measures including, (1) self-report of any substance use (including alcohol, tobacco, marijuana, cocaine, and other drugs) on the Youth Risk Behavior Survey questionnaire (YRBS; Brener et al. 2002) , (2) selfreport in an interview using the Teen Addiction Severity Index interview (T-ASI; Kaminer et al. 1991) , (3) urine screens using the Redicup (Redwood Toxicology) urine screen for opiates, cocaine, Tetrahydro-cannabinol, amphetamines, benzodiazapines, and the Nicotine Urine Test Kit test for cotinine, (4) alcohol breath tests using alcohol breathalyzers (BACTrack Select model) and (5) carbon monoxide breath test for inhaled tobacco use. Youth that endorsed or tested positively on any measure scored a 1 for lifetime substance use (20.3 %); those who did not received a score of 0 (79.7 %).
Internalizing Symptoms
Because adolescents are regarded as the most reliable reporters of their internalizing symptoms (Achenbach et al. 1987; Durbin 2010) , adolescents rated their depressive symptoms on the widely used 27-item Children's Depression Inventory (CDI; Kovacs 2004) . Adolescents were asked to choose one of three statements that best described how they felt over the past 2 weeks, with each corresponding to an absence of symptoms, a mild or probable symptom, or a definite symptom. The CDI yields five subscales in addition to a total score: Negative Mood, Interpersonal Problems, Ineffectiveness, Anhedonia, and Negative Self-Esteem. Internal consistency for the current study was excellent (a = 0.91).
Adolescents also self-reported on their symptoms of anxiety on the 37-item Revised Children's Manifest Anxiety Scale (RCMAS; Reynolds and Richmond 1985) . The RCMAS yields three subscales: Physiological anxiety, Worry/oversensitivity, and Social concerns/concentration. The RCMAS has shown high reliability and validity among adolescent samples (Lee et al. 1988; Muris et al. 2002) and internal consistency for the current study was good (a = 0.83).
Externalizing Symptoms
Parents rated adolescent externalizing symptoms using the Child Symptom Inventory (CSI, Gadow and Sprafkin 1997) . The CSI produces symptom count scores and dimensional symptom severity scores for most psychological disorders based on the Diagnostic and Statistical Manual of Mental Disorders (4th ed.; DSM-IV, American Psychiatric Association 2000). Symptoms are rated on a scale from 0 ''never'' to 3 ''very often.'' Symptom severity scores for attention deficit hyperactivity disordercombined (ADHD-C, a = 0.94), oppositional defiant disorder (ODD, a = 0.91), and conduct disorder (CD, a = 0.75) scales were examined. The CSI has been used with adolescents (Chaplin et al. 2012 ) and has demonstrated satisfactory psychometric properties (Sprafkin et al. 2002) .
Data Analysis Plan
To address primary hypotheses, six analyses, each with one predictor (cortisol reactivity), one moderator (emotion regulation difficulties) and one of six outcomes (lifetime substance use, ADHD, ODD, CD, depression, anxiety) were conducted. First, means and standard deviations were calculated, and variables were inspected for normality. The total score for conduct disorder was positively skewed so an inverse transformation was applied. We examined as covariates any demographic variables that had been linked to our independent or dependent variables in the literature. Adolescent gender and race were chosen as covariates in subsequent analyses due to associations with emotional functioning in the literature (e.g., Desantis et al. 2007; Rudolph 2002; Zeman et al. 2006) . Age has also been linked to emotional functioning and symptoms in the literature, but age differences are found when comparing youth across different developmental levels. Since this study examined a narrow age range only within one developmental period (early adolescence), we did not include age as a covariate. For the purpose of analyses, gender was dummy coded with 0 representing girls and 1 representing boys. Race was dummy coded with 0 representing White and 1 representing Black and other ethnic minorities. Linear regressions testing the main effects of cortisol reactivity and emotion regulation difficulties and the cortisol 9 emotion regulation interaction on each outcome were performed. For the binary outcome of lifetime substance use, logistic regression was utilized (Hayes and Matthes 2009) . Following recommendations of Aiken and West (1991) , we entered predictor variables hierarchically in order to assess the size of incremental effects, with covariates entered first, then main effects, followed by interaction terms. For linear regressions, we examined the change in the percentage of variance explained (DR 2 ) as a measure of effect size, where 0.01 is small, 0.09 is medium, and 0.25 is large (Cohen 1998) . For the logistic regression, we calculated odds ratios as a measure of effect size where 1.5 is small, 3.5 is medium, and 9 is large (Cohen 1998) . Chi squared tests were also conducted to assess model fit for the logistic regression. Prior to all analyses, the predictor and moderator were mean-centered (Aiken and West 1991) . Significant interactions were probed by examining simple slopes at -1 standard deviation and ?1 standard deviation of the moderator using the PROCESS macro developed by Hayes (2013) in SPSS 18.0. In addition, regions of significance were examined for significant interactions. Table 1 presents the means, standard deviations, and bivariate correlations among primary study variables. Of the sample, 20.3 % were positive for lifetime substance use, which was overwhelmingly either alcohol (14.3 %) or tobacco (6.8 %). One of our participants had used marijuana and inhalants (0.8 %), one had used marijuana only (0.8 %), one had used inhalants only (0.8 %), and one had used opiates only (0.8 %). Relations with demographic variables showed that girls had higher levels than boys of depression (t [127] = 3.85, p \ 0.001) and anxiety (t [127] = 4.13, p \ 0.001). White participants had lower levels than non-white participants of substance use ( Eight participants were missing data on at least one primary study variable. Participants with missing data were not significantly different with respect to age and gender (p's \0.10). Cases with missing data were excluded from regression analyses including that variable.
Results
Descriptive Statistics and Preliminary Analyses
Regression Analyses
Analyses shown in Table 2 provide the main and interactive effects of cortisol reactivity and emotion regulation difficulties on each outcome controlling for gender and race.
Relations with Substance Use
It was hypothesized that altered cortisol reactivity and high emotion regulation difficulties would predict substance use behaviors. Given the mixed prior findings on cortisol reactivity and substance use, the direction of association between cortisol reactivity and substance use was exploratory. As shown in Table 2 , logistic regression analyses revealed a significant cortisol 9 emotion regulation interaction for substance use, (b = -0.36, SE = 0.18, p \ 0.05, OR = 0.70), which represented a small effect size. A significant Chi square value indicated the interaction model fit the data better than the main effects model (x 2 (1) = 4.89, p \ 0.05. Follow-up simple slope analyses at ?1 SD and -1 SD were nonsignificant (b = -7.28, SE = 5.40, p = 0.18; b = 7.38, SE = 4.74, p = 0.12, respectively), and no regions of significance were identified.
1 However, Fig. 1 shows that adolescents with low levels of cortisol reactivity and high levels of emotion regulation difficulties were most likely to have used substances. In addition, the emotion regulation difficulties main effect was significant, with higher emotion regulation difficulties related to substance use.
Relations with Externalizing Symptoms
It was hypothesized that lower levels of cortisol reactivity paired with high emotion regulation difficulties would predict externalizing symptoms. For ODD, linear regressions showed a significant cortisol reactivity 9 emotion regulation interaction, b = -0.74, SE = 0.26, p \ 0.01. The interaction accounted for 6 % of the variance explained beyond that accounted for by the main effects (DR 2 = 0.06), representing a small to medium effect size. The simple slope for adolescents with high levels of emotion regulation difficulties (?1 SD: b = -26.63, SE = 8.90, p \ 0.01) was significantly different than zero (Fig. 1) . The simple slope for adolescents with low levels of emotion regulation difficulties (-1 SD: b = 3.38, SE = 6.22, p = 0.54) was nonsignificant. As hypothesized, similar to patterns with 1 An additional post hoc analysis was performed to assess whether cortisol moderated the association between emotion regulation difficulties and substance use. This resulted in a similar pattern of results; the simple slope for adolescents with low levels of cortisol reactivity (-1 SD: b = 0.14, SE = 0.03, p \ 0.001) was significantly different than zero, indicating that higher emotion regulation difficulties were more associated with substance use for youth with lower cortisol reactivity. substance use, the simple slope indicated that for adolescents with high levels of emotion regulation difficulties, lower cortisol reactivity was associated with ODD symptoms. The region of significance for this conditional effect was emotion regulation difficulties of -0.87 units (0.04 SD) and higher. In addition, cortisol reactivity and emotion regulation difficulties main effects were significant, with lower cortisol and higher emotion regulation difficulties related to ODD symptoms.
2
With respect to ADHD, linear regressions revealed a marginally significant cortisol 9 emotion regulation interaction for ADHD, b = -1.15, SE = 0.62, p = 0.07; however, this effect did not account for significant variance beyond that accounted for by the main effects. Main effects of cortisol reactivity and emotion regulation difficulties were significantly related to ADHD with lower cortisol levels and higher emotion regulation difficulties related to ADHD symptoms. Finally, main and interactive effects for CD were nonsignificant.
Relations with Internalizing Symptoms
It was hypothesized that higher levels of cortisol reactivity paired with high emotion regulation difficulties would predict internalizing symptoms. Linear regressions revealed a significant cortisol 9 emotion regulation interaction for depressive symptoms, b = 0.89, SE = 0.33, p \ 0.01. The interaction accounted for 3 % of the variance explained beyond that accounted for by the main effects (DR 2 = 0.03), representing a small to medium effect size. The simple slope for adolescents high in emotion regulation difficulties (?1 SD: b = 32.40, SE = 11.41, p \ 0.01) was significantly different than zero (Fig. 1) . The simple slope for adolescents low in emotion regulation difficulties (-1 SD: b = -3.85, SE = 7.98, p = 0.63) was nonsignificant. As hypothesized, for adolescents with high levels of emotion regulation difficulties, higher cortisol reactivity was associated with depressive symptoms. The region of significance for this conditional effect was emotion regulation difficulties of -0.32 units (0.02 SD) and higher. Further, gender and emotion regulation difficulties main effects were significant, with female gender and higher emotion regulation difficulties related to depressive symptoms.
For adolescents' anxiety symptoms, the cortisol 9 emotion regulation interaction was nonsignificant. Linear regressions showed significant main effects for gender, cortisol, and emotion regulation difficulties. Female gender, higher cortisol, and greater emotion regulation difficulties were associated with higher levels of anxiety.
Discussion
The goal of the current study was to examine how selfreported emotion regulation behaviors moderate the association between HPA axis arousal on symptoms of substance use and psychopathology during adolescence. This is particularly important given that adolescence is a time of increased emotional arousal, in addition to still-developing regulatory abilities (Dahl 2004; Steinberg 2007) . Findings suggest that altered cortisol reactivity and difficulties in emotion regulation predicted increased probability of 2 Given that there are two emotion-regulation specific symptoms of ODD on the Child Symptom Inventory, we also reran analyses without these items, and the cortisol reactivity 9 DERS interaction results remained significant, t = -3.13, p = 0.002. symptoms, with low cortisol reactivity and emotion regulation difficulties related to adolescent substance use and externalizing symptoms and high cortisol reactivity and emotion regulation difficulties related to depressive symptoms. This is the first study of its kind that uniquely extends upon previous research by supplementing physiological measures of reactivity with self-reported measures of emotion regulation abilities in order to understand the interactive effects of two biobehavioral units of analysis as they relate to multiple indices of functioning-specifically, adolescent substance use and psychopathology. The following key findings emerged and highlight the importance of understanding adolescent substance use and mental health through multiple measures of analysis.
Cortisol Reactivity and Emotion Regulation in Substance Use
Findings indicated a significant interaction between emotion regulation difficulties and cortisol reactivity predicting substance use. Although the follow-up simple slope analyses were not significant, the pattern of findings (shown in Fig. 1 ) and our additional post hoc follow-up analysis (see Footnote) both suggested that adolescents with low levels of cortisol reactivity and high emotion regulation difficulties were most likely to use substances. This finding is similar to prior separate studies that found adolescents with low levels of cortisol reactivity (van Leeuwen et al. 2011) and high levels of emotion regulation difficulties (e.g., Weinberg and Klonsky 2009) were at an increased risk for substance use, respectively. Extending upon previous research, our findings may suggest that adolescents may be most likely to use substances when they experience both low cortisol reactivity and poor emotion regulation abilities. Stimulation-seeking theory postulates that low levels of HPA reactivity may lead to inclinations toward sensationseeking behaviors, such as substance use, as a means of upregulating low arousal, particularly during adolescence (Arnett 1992; Steinberg 2004) . Therefore, adolescents with low levels of HPA reactivity may be at risk for substance use. Those who have low HPA reactivity and who also don't have the ability to effectively regulate their low arousal through other means (such as by engaging in appropriate goal-directed behavior) may be more inclined to seek out maladaptive behaviors, such as substance use, to compensate for under-arousal. Indeed, previous studies in adolescent substance users found that youth report using substances in order to modulate emotional states (Cahalan et al. 1969; Cooper et al. 1995) , which could include upregulating low arousal. Thus, if low HPA axis arousal predisposes adolescents to seek out substances, those that 
Step 1 also possess poor emotion regulation abilities may be at a unique risk for substance use.
Cortisol Reactivity and Emotion Regulation in Externalizing Symptoms
As predicted, adolescents with low levels of cortisol reactivity and high emotion regulation difficulties had the highest parent-reported symptoms of ODD. Our results are consistent with several previous studies that found that blunted physiological reactivity (e.g., Flinn and England 1995; Moss et al. 1995) was related to externalizing symptoms. Our data also mirror separate prior studies documenting that emotion regulation difficulties are related to externalizing symptoms (e.g., Eisenberg et al. 2001; Walcott and Landau 2004) . Our findings add to the literature by suggesting that lower cortisol reactivity is particularly likely to lead to externalizing symptoms when coupled with emotion regulation difficulties. Low HPA axis arousal can lead to difficulties in age-appropriate inhibition, which can create risk for externalizing problems such as ODD (Kariyawasam et al. 2002) . Our research suggests that adolescents who are both low in cortisol reactivity and endorse ineffectual emotion regulation abilities are most vulnerable to engaging in deviant behavior. Interestingly, some studies find that high reactivity is associated with externalizing symptoms (for a review, see Alink et al. 2008) , however, we did not find this in the current study. This may due to inconsistency in methodologies employed across studies; for instance, many researchers employ tasks related to social-evaluative threat or outcome uncontrollability as laboratory stressors, instead of parent-child discussions. With respect to ADHD, although we did not find a significant interaction, we found main effects for both cortisol reactivity and emotion regulation difficulties. This is consistent with the literature showing that youth who suffer from externalizing problems are more likely to evidence a blunted cortisol stress response (e.g., Flinn and England 1995) and experience difficulties modulating their emotional arousal (Walcott and Landau 2004) . It is noteworthy that we did not find significant moderation with respect to conduct disorder, perhaps due to the limited variability of parentreported symptoms of CD in the community-based sample of adolescents employed in the current study. However, for 
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High ER Difficulties Low ER Difficulties Fig. 1 Cortisol reactivity 9 emotion regulation difficulties interaction predicting adolescent oppositional defiant symptoms, substance use, and depressive symptoms. ER emotion regulation. Note High = ?1 SD above the mean; Low = -1 SD below the mean this sample's higher-frequency Oppositional Defiant Disorder symptoms and behaviors, findings suggest that blunted cortisol reactivity, coupled with emotion regulation difficulties, contribute to adolescent externalizing problems.
Cortisol Reactivity and Emotion Regulation in Internalizing Symptoms
As predicted, high emotion-related cortisol reactivity coupled with high emotion regulation difficulties were associated with higher self-reported symptoms of depression among youth. This is consistent with past research showing that high cortisol reactivity (e.g., Granger et al. 1996; Klimes-Dougan et al. 2001 ) and ineffective emotion management strategies (e.g., Silk et al. 2003 ) are independently associated with depressive symptoms among adolescents. However, this is the first study to date that reveals the interactive relationship among youths' emotion-related cortisol reactivity, emotion regulation abilities, and symptoms of depression. Our data suggest that young adolescents who experience an increase in HPA axis arousal following an interpersonal stressor, and who do not have the requisite emotion regulation abilities to cope with negative affect, are more likely to report depressive symptoms. It is interesting that no significant moderation was found with respect to adolescents' anxiety symptoms, although a significant main effect emerged with respect to emotion regulation difficulties. This is consistent with past research linking anxiety and emotion regulation deficits among youth (Zeman et al. 2002) . It may be possible that basal cortisol levels (as opposed to cortisol reactivity) may be associated with anxiety. For instance, anxious youth may have entered the lab with elevated cortisol levels that may have been maintained across the entire laboratory session. These youth may have shown a restricted range of cortisol responses and, thus, their levels of HPA axis arousal would not have been accurately captured by our methodology.
Limitations and Future Directions
These findings may contribute to targeted interventions for adolescents at risk for substance use behaviors or symptoms of psychopathology. Specifically, the results may help in the identification of children at risk for internalizing disorders (i.e., those who show high cortisol reactivity) and teach them constructive ways of modulating their negative emotions, perhaps through biofeedback or mindfulness-based interventions (e.g., Burke 2010) . Similarly, our findings suggest that adolescents with blunted cortisol reactivity may at an increased risk for substance use and/or externalizing problems. Contrary to most emotion-focused interventions, which almost exclusively focus on the down-regulation of negative affect, these children may particularly benefit from learning emotion regulation strategies that help them upregulate their emotional arousal.
The principal limitations of the present study can be addressed in future research. Primarily, the present study assessed cortisol reactivity to a single laboratory interpersonal stressor. Future work examining responses across varying contexts, both intra-and interpersonal, may shed light on the continuity of cortisol reactivity and emotion regulation and its relation to maladaptive functioning. In this vein, the cross-sectional nature of the present study limits inferences concerning the development of substance use behaviors, externalizing, and internalizing symptoms and their temporal relation to emotional processes. Longitudinal studies are important for future work to assess the onset of these disorders and the extent to which adolescent emotional functioning may maintain substance use and psychopathology symptoms. Future research could also explore more nuanced interactions with regard to specific emotions (e.g., anger, sadness) and emotion regulation problems or strategies (e.g., up-regulation, down-regulation), which may differentially interact with blunted or high cortisol reactivity to predict psychological outcomes.
Despite these limitations, the present study offers novel insight concerning the interactive nature of youth's emotion-related physiological reactivity and regulation as measured across multiple domains in the relationship with substance use and multiple associated mental health symptoms. In particular, we found differential patterns of cortisol reactivity and emotion regulation difficulties across substance use, externalizing, and internalizing psychopathology. Importantly, results indicated youth with low levels of cortisol reactivity and greater emotion regulation difficulties were most likely to have engaged in substance use and had higher levels of some externalizing symptoms; whereas, youth with high levels of cortisol reactivity and greater emotion regulation difficulties had higher levels of internalizing symptoms (i.e., depression). Given these findings, and consistent with the RDoc, the present study highlights the importance of investigating the interactions among multiple units of adolescents' emotional functioning in order to achieve a more nuanced understanding of adolescent adjustment.
